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Plasma dark matter, which arises in dissipative dark matter models, can give rise to
large annual modulation signals from keV electron recoils. Previous work has argued
that the DAMA annual modulation signal could have an explanation within such a
scenario. However, detailed predictions are difficult due to the inherent complexities in-
volved in modelling the halo plasma interactions with Earth-bound dark matter. Here,
we consider a simple phenomenological model for the dark matter velocity function
relevant for direct detection experiments, and compare the resulting electron scatter-
ing rate with the new DAMA/LIBRA phase 2 data. We also consider the constraints
from other experiments, including XENON100 and DarkSide-50.
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1 Introduction
The DAMA collaboration have observed an annually modulating scintillation rate in
a NaI target for over a decade, with properties broadly consistent with a dark matter
signal [1–5]. An interpretation of the DAMA annual modulation in terms of nuclear
recoils appears to be excluded by many other experiments, including XENON1T [6],
DarkSide [7], PANDA [8], LUX [9], CRESST [10], CDMS [11], XMASS [12], PICO [13],
etc. However the DAMA experiment is sensitive to both electron and nuclear recoils,
and if the annual modulation is due to electron recoils then it is far more weakly
constrained. This suggests that dark matter scattering off electrons is the more likely
explanation, if the DAMA signal is indeed due to dark matter interactions.
Electron recoils with keV energy scale can arise from dark matter scattering if there
are dark matter particles of mass ∼ MeV with kinetic energy in the keV range [14,15].
Such particles occur in dissipative dark matter models, where the dark matter halo in
the Milky Way takes the form of a dark plasma.2 Specifically, if dark matter consists of
dark electrons and dark protons coupled together via a massless dark photon, e.g. [19],
then energy equipartition implies that the dark electrons and dark protons have the
same temperature and the same mean energy. The halo temperature is set by the
mean particle mass, m¯ ≡∑nimi/∑ni, and is estimated to be:
T ≈ m¯v
2
rot
2
. (1)
Here, vrot is the asymptotic rotational velocity, which for the Milky Way galaxy is
vrot ≈ 220 km/s. The above temperature relation indicates that the kinetic energy of
dark electrons with a mass of order a MeV can be in the keV range provided that m¯
is of order a few GeV or so.
In such models the kinetic mixing interaction [20,21] is introduced to achieve con-
sistent halo dynamics [19, 22, 23]. The dark halo is dissipative and cools, and with
kinetic mixing around ǫ ∼ 10−9 − 10−10 type II supernovae can be transformed into
powerful dark sector heat sources. It has been argued in a number of papers, most
recently in [24–26], that dissipative dark matter with heating sourced from supernovae
can lead to a successful framework in which to understand small scale structure is-
sues. Importantly, this picture can be tested in direct detection experiments as the
kinetic mixing interaction also allows for observable dark matter scattering off ordinary
particles, with the most favourable detection channels being dark electron - electron
scattering, and dark proton - nuclei scattering, e.g. [27].
Kinetically mixed mirror dark matter provides a theoretically constrained dark
plasma model [23, 28]. The mean halo mass is around a GeV and the temperature of
2For completeness, we note here that electron recoils can also arise in WIMP models, and have
been discussed in the context of the DAMA experiment in [16–18]. In such models, keV electron
recoils result from GeV mass-scale WIMP dark matter interactions with inner shell atomic electrons.
By contrast, the plasma dark matter case has dark matter in the MeV mass range but has rather
large kinetic energy arising from energy equipartition of the light and heavy plasma components. In
the plasma case, keV energy electron recoils readily occur, and can result predominately from dark
electron scattering off loosely bound (outer shell) atomic electrons.
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the dark halo is estimated to be around T ≈ 0.5 keV. Furthermore, the dark electron
is the mirror electron, a particle hypothesized to have exactly the same mass as the
electron. The analysis in this paper is applicable to the mirror dark matter case, but
also relevant to more generic plasma dark matter models.
Mirror dark matter, and related models, have a number of nontrivial aspects. Of
particular concern for direct detection experiments is the interaction between the halo
wind and captured dark matter within the Earth. The captured dark matter provides
an obstacle to the halo wind, and can strongly influence halo dark matter properties
(density and distribution) in the Earth’s vicinity. The effects of this ‘dark sphere of
influence’ can be explored with MHD equations, and the temperature and density
distributions of the halo dark matter in the Earth’s vicinity studied. An investigation
along these lines [15] found that the annual modulation signal can be greatly enhanced,
even a modulation amplitude near maximal (i.e. of order 1) is possible. In addition,
diurnal variation is also expected to be significant, and can in fact be maximal for a
detector located in the southern hemisphere [15, 29, 30].
The enhanced annual modulation can help reconcile the positive DAMA annual
modulation signal with the results reported by XENON100 [31, 32], as well as strin-
gent constraints from the DarkSide-50 experiment [33]. Detailed predictions, though,
are difficult due to the inherent complexities involved in modelling the halo plasma
interactions with Earth-bound dark matter. Here, we consider a simple phenomeno-
logical model for the dark matter velocity function relevant to direct detection exper-
iments, and confront the model with the available data. It turns out that the DAMA
experiment and the DarkSide-50 experiment are the most sensitive probes of the elec-
tron scattering signal expected within this model, and in fact a self consistent picture
emerges.
2 The mirror dark matter model
The mirror dark matter model assumes that dark matter arises from a hidden sector
which is an exact copy of the standard model. That is, the Lagrangian describing
fundamental physics is
L = LSM(e, u, d, γ, ...) + LSM(e′, u′, d′, γ′, ...) + Lmix . (2)
The model features an exact unbroken Z2 mirror symmetry, which can be interpreted
as space-time parity if the chirality of the hidden sector fermions is flipped [28]. The
mirror sector particles interact with the standard model particles via gravity and via
the kinetic mixing interaction [20, 21], which also leads to photon - mirror photon
kinetic mixing:
Lmix = ǫ
2
F µνF
′
µν (3)
where F µν [F
′
µν ] is the field strength tensor of the photon [mirror photon]. The kinetic
mixing interaction induces tiny ordinary electric charges for the charged mirror sector
particles of ±ǫe for the mirror proton and mirror electron respectively.
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The dark matter particles, the mirror protons and mirror electrons, constitute
the inferred dark matter in the Universe in this picture, e.g. [23]. The unbroken Z2
mirror symmetry implies that the masses of the mirror proton and mirror electron are
exactly identical to their ordinary matter counterparts. More generally though, one
can consider models with more generic hidden sectors, featuring dark electrons and
dark protons coupling together via massless dark photons, e.g. [19]. In such models
the dark electron and dark proton masses are independent parameters. The analysis
in this paper can be applied to both mirror dark matter as well as more generic dark
sector models.
3 The electron scattering rate
Since dark electrons are electrically charged in the presence of kinetic mixing, they can
scatter off ordinary electrons. As mentioned earlier, keV energy recoils are kinemati-
cally possible due to energy equipartition between the light dark electron and heavy
dark nuclei halo components. Coulomb scattering of a dark electron off an electron
is a spin-independent process. Approximating the target electron as free and at rest
relative to the incoming dark electron of speed v, the cross section is
dσ
dER
=
λ
E2Rv
2
(4)
where λ ≡ 2πǫ2α2/me, and ER is the recoil energy of the scattered electron. Naturally,
treating the target electrons as free can only be approximately valid for the loosely
bound atomic electrons, i.e. those with binding energy much less than ER. We define
gT (ER) as the number of electrons per target atom with atomic binding energy (EB)
less than ER, and we approximate the electron scattering rate per target atom by
replacing λ → gTλ in Eq.(4). [For the DAMA experiment, the ‘atom’ is a NaI pair.]
Typically, the proportion of loosely bound electrons, i.e. with EB ≪ ER, greatly
outnumbers those with EB ∼ ER, so this approximation is expected to be reasonable.
The scattering rate of a dark electron off an electron is then:
dRe
dER
= gTNTne′
∫
dσ
dER
f(v;vE; θ) |v| d3v
= gTNTne′
λ
E2R
I(vE , θ) (5)
where
I(vE , θ) ≡
∫ ∞
|v|>vmin(ER)
f(v;vE; θ)
|v| d
3v . (6)
Here, NT is the number of target atoms per kg of detector, vmin =
√
ERme/2µ2, where
µ is the electron - dark electron reduced mass (µ = me/2 for the mirror dark matter
case), and ne′ is the dark electron number density at the detector’s location. Also,
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f(v;vE ; θ) is the velocity distribution of dark electrons which arrive at the detector.
The detector is in motion, due to the daily rotation of the Earth, described in terms
of the angle θ(t) to be defined shortly, and the Earth itself is in motion around the
Sun, with velocity vE of magnitude:
vE = v⊙ +∆vE cosω(t− t0) . (7)
Here, ω = 2π/year, v⊙ ≈ vrot + 12 km/s (the 12 km/s correction is due to the Sun’s
peculiar velocity) and ∆vE = 15 km/s results from the Earth’s orbital motion. Ev-
idently, vE varies by ±∆vE during the year with a maximum at t = t0 ≃ 153 days
(June 2nd).
Far from the Earth, the dark electron distribution, f(v;vE), might possibly be
approximately Maxwellian, however near the Earth it will be strongly influenced by
the halo interactions with Earth-bound dark matter. The Earth-bound dark matter
forms an obstacle to the halo wind, which is moving through the halo at roughly the
speed of sound. It turns out that even small changes to this speed, due to the Earth’s
motion around the Sun, can lead to large effects for the halo dark matter density and
distribution near the Earth [15]. The effects of the halo interaction with captured dark
matter within the Earth can thereby lead to a strongly time varying distribution at
the detector’s location, f(v;vE ; θ). Not only is the distribution time varying, it would
not be Maxwellian. On the particle level, the distribution is strongly influenced by
dark electromagnetic fields induced in the halo plasma and in the Earth-bound dark
matter, the outer layers of which can form a ‘dark ionosphere’. The dark electron
distribution can also be influenced by collisions with Earth-bound dark matter, as
these interactions can effectively shield the detector from the halo wind.
A simple model arises if the dark electron distribution has a mean speed, 〈|v|〉,
which is much greater than vmin. In that limit, I(vE, θ) becomes approximately in-
dependent of vmin, and consequently also independent of ER. Since vmin ∝
√
ER, the
condition 〈|v|〉 ≫ vmin could only be valid for electron recoil energies below some
threshold, ETR. For recoil energies greater than E
T
R the electron scattering rate be-
comes strongly suppressed, and falls much faster than 1/E2R. To have some possibility
of explaining the DAMA signal, we will need ETR & 2− 3 keV.
For mirror dark matter, the temperature of the dark halo is estimated to be around
T ≈ 0.5 keV, which at first glance would suggest that the condition 〈|v|〉 ≫ vmin
is unlikely to be valid for keV energy electron recoils. This reasoning assumes an
undistorted halo mirror electron energy spectrum, such as a Maxwellian distribution.
However, the effects of the Earth bound dark matter can strongly influence the halo
mirror electron distribution that arrives at the detector; there might well be an effective
cutoff at low velocities due to the induced dark electromagnetic fields in the Earth’s
vicinity, or due to collisional shielding of the halo wind by Earth-bound dark matter.
In more generic dark sector models there is more freedom, and the halo temperature,
Eq.(1), can be relatively high, e.g. in the multi-keV range. In either case, it seems
possible that the condition 〈|v|〉 ≫ vmin might be roughly valid for keV energy electron
recoils.
Independently of the details of the underlying model we can explore the time
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dependence of the velocity function, I(vE , θ), via a Taylor series expansion,
3
I(vE , θ) = I0 +
∂I
∂vE
∆vE cosω(t− t0) + ∂I
∂θ
(θ − θ¯) + ... . (8)
Here, θ(t) is the angle between the direction of the halo wind and the zenith at the
detector’s location. At the Gran Sasso latitude this angle has a large daily variation
as well as a small annual modulation (θ¯ ≃ 2.17 is the average at Gran Sasso). See
Ref. [15] for further discussion. As discussed above, I(vE, θ) becomes independent of
ER for sufficiently low recoil energies, ER < E
T
R, and thus the coefficients I0, ∂I/∂vE ,
∂I/∂θ are also ER independent.
The net result is a rather simple phenomenological model with a time varying
electron scattering rate:
dRe
dER
= gTNTne′
λ
v0cE
2
R
[
1 + Av cosω(t− t0) + Aθ(θ − θ¯)
]
for ER . E
T
R (9)
where v0c ≡ 1/I0 and ETR ∼ 2µ2(v0c )2/me. For ER . ETR, an approximate dRe/dER ∝
1/E2R behaviour for both the average rate and the annual modulation is predicted
(putting aside the relatively minor ER dependence of gT ). For ER & E
T
R, the scattering
rate becomes suppressed, falling off much faster than 1/E2R. It should be clear that
Eq.(9) is applicable to mirror dark matter as well as more generic plasma dark matter
models.
Finally, note that the parameter Aθ controls the diurnal variation. Published
DAMA results indicate that this parameter is consistent with zero [34], although there
is a hint of a diurnal signal at 2.3σ C.L [14, 15]. We note that the DAMA phase 2
diurnal variation results have yet to be reported, and it will be interesting to see if
stronger evidence for a daily variation emerges. For the purposes of this paper, though,
we set Aθ = 0.
4 Implications for direct detection experiments
With Aθ = 0, the electron scattering rate given in Eq.(9) is defined in terms of the
parameters, ǫ
√
ne′/v0c , Av, E
T
R. For definiteness, we shall assume that E
T
R & 6 keV so
that Eq.(9) is valid for the entire DAMA region of interest. A somewhat lower ETR is,
of course, still possible, but would need to cover at least part of the DAMA energy
region of interest (i.e. ETR & 2 − 3 keV). The remaining parameters, ǫ
√
ne′/v0c , Av.
will be constrained by comparing the electron scattering rate with the data from the
most relevant experiments, including the DAMA annual modulation signal.
To obtain the predicted rate for a given experiment, the detection efficiency and
energy resolution will need to be modelled. This is done by convolving the rate:
dRe
dEmR
=
∫
G(EmR , ER)
dRe
dER
ǫF (ER) dER . (10)
3Here, we treat ne′ as fixed, so any time dependence of the number density of halo dark electrons
in the vicinity of the detector is also absorbed into the I(vE , θ) Taylor series expansion.
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Here, G(EmR , ER) is the resolution function taken to be a Gaussian, and ǫF is the
detection efficiency.
4.1 DarkSide-50
We first consider constraints on the time-average electron scattering rate, and we then
consider the DAMA annual modulation signal. The strongest constraint on the average
rate arises from the DarkSide-50 experiment [33]. The limits follow from an analysis of
the ionization signal with a 6786.0 kg-day exposure of an Argon target. The DarkSide
experiment features an analysis threshold of 0.05 keV. However since the rate below 0.1
keV is believed to include new sources of unmodelled background, including coincident
single electron events, as described in [7,33], we prefer the 0.1 keV threshold, also used
in [7]. The low threshold of the DarkSide experiment makes it particularly sensitive to
the dark matter electron scattering due to the sharply increasing rate at low energies:
dRe/dER ∝ 1/E2R.
To compare the electron scattering rate, Eq.(9), with the DarkSide data, we take
into account the energy resolution using σ/ER = 0.5 [35], and efficiency ǫF = 0.43 [7].
The DarkSide data are given in terms of the number of extracted electrons, Ne, which,
in the low energy region of interest (4 ≤ Ne ≤ 15), is related to the recoil energy of the
scattering event via Ne ≈ 40EmR /keV. The expected rate in their experiment is then
dRe/dNe = [dRe/dE
m
R ][dE
m
R /dNe]. An excess above modelled backgrounds is present
in the DarkSide data near their low energy threshold. If we tentatively assign this
excess to electron scattering, we obtain an estimate of ǫ
√
ne′/v0c , equivalent to:
ǫ
√
ne′
0.2 cm−3
≈ 1.5× 10−11
√
v0c
50000 km/s
. (11)
The modelled rate, along with the DarkSide data, is shown in Figure 1. The figure in-
dicates that the observed low energy excess near the DarkSide threshold is compatible
the 1/E2R scaling predicted by this model.
4.2 XENON100-S1
The XENON100 collaboration have searched for low energy electron recoils in the (2-
6) keV region and also obtained fairly tight constraints on the dark matter electron
scattering rate [32]. With the ǫ
√
ne′/v0c parameter given in Eq.(11), we can compare
the expected rate with the XENON100 data.
The XENON100 analysis uses the prompt photon signal (S1). At around 2 keV,
the S1 signal (unlike S2) falls sharply due to detection efficiency, and other effects.
To model this sharp feature, we use a low energy effective cutoff at ER = 2.2 keV.
That is, we take the detection efficiency function as ǫF = 1 for ER > 2.2 keV and zero
otherwise. For the energy resolution, the XENON100 paper indicates that it is twice
worse than that of DAMA, which roughly corresponds to, σ/ER = 0.9/
√
ER/keV.
The XENON100 data are given in terms of the number of S1 photoelectrons (NPE).
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Figure 1: The DarkSide ionization spectrum (solid error bars) compared with the modelled
electron recoils from dark electron interactions + background (solid curve). Also shown are
the DarkSide estimated background rate (dotted error bars) and the predicted dark matter
scattering rate (dashed curve). The threshold at Ne = 4 is also indicated.
The conversion between detected electron recoil energy and NPE is roughly, NPE =
5[EmR /(3 keV)]
1.4, so that NPE = 3 corresponds to E
m
R ≈ 2 keV. The modelled rate,
along with the XENON100 S1 data, are shown in Figure 2.
The XENON100 S1 data were collected during 70 days near the expected yearly
maximum on June 2nd, so the predicted rate can be up to a factor of two larger
than the yearly average rate during this period if the annual modulation is maximal.
Even with such an enhancement, Figure 2 indicates that the electron scattering rate
is roughly consistent with the XENON100 S1 data (which additionally contains an
uncertain unmodelled background component). The first bin appears somewhat low,
but this might not be very significant in view of the uncertainties in modelling the
energy resolution, detection efficiency etc.
We have also examined XENON100 S2 data from [36]. However, the estimated
rate in that experiment turns out to be more than an order of magnitude below their
observed rate, and therefore does not pose any constraint on this model.
4.3 The DAMA annual modulation
We now consider the DAMA experiment. The DAMA collaboration have measured
an annually modulated scintillation rate using a NaI target in their low energy region
(1-4 keV), with phase consistent with dark matter interactions. In the dark matter
model discussed here, the annual modulation is set by the parameter Av in Eq.(9). By
construction, Av ≤ 1, with Av = 1 corresponding to maximal annual modulation.
To evaluate the predicted rate we use the measured DAMA resolution of σ/ER =
0.448/
√
ER/keV + 0.009 [37], and set the detection efficiency to unity as the DAMA
collaboration give their results corrected for detection efficiency. This can only be a
7
 0
 1
 2
 3
 4
 5
 6
 0  2  4  6  8  10  12  14
R
at
e 
[co
un
ts/
PE
/to
nn
e/d
ay
]
S1 [PE]
R
at
e 
[co
un
ts/
PE
/to
nn
e/d
ay
]
R
at
e 
[co
un
ts/
PE
/to
nn
e/d
ay
]
Figure 2: The XENON100 electron recoil data collected during 70 days near the expected
yearly maximum on June 2nd [32]. Also shown are the yearly average electron recoil rate
expected from dark electron interactions (solid line) for the same ǫ
√
ne′/v0c parameter as per
Figure 1 [Eq.(11)]. The dotted line indicates the maximal rate assuming maximal annual
modulation, Av = 1.
rough approximation, and a more sophisticated analysis should find a softening of the
annual modulation in the low energy region due to the falling efficiency below the
threshold energy.
We have evaluated the predicted electron scattering rate, again fixing the ǫ
√
ne′/v0c
parameter by Eq.(11). The predicted annual modulation amplitude is proportional
to Av, and the result for maximal annual modulation, Av = 1, is shown in Figure
3. The predicted annual modulation is somewhat less than the observed rate for
2 < ER/keV < 4, although there are potentially substantial uncertainties (especially
in modelling the energy resolution and detection efficiency). If Av is substantially less
than unity, or if the DarkSide-50 low energy excess is due to some unmodelled back-
ground component (rather than dark matter interactions) then the predicted annual
modulation amplitude for the DAMA experiment would be much lower, presumably
too low to possibly account for the DAMA signal. To have a chance of explaining the
observed annual modulation rate in DAMA, it therefore seems likely that the annual
modulation is near maximal, Av ≈ 1, and that the DarkSide-50 low energy excess
is due primarily to dark matter interactions. An annual modulation analysis of the
DarkSide-50 data should provide a useful test of this logic.
The XENON100 collaboration also searched for an annual modulation in the (2-6)
keV region with the aim of testing models explaining the DAMA signal via electron
scattering [31]. They obtained some interesting results, including a hint of an annual
modulation, close to maximal, with the same phase as DAMA. (A fit of the XENON100
data to an annually modulating rate found a nonzero amplitude at 2.4σ C.L., with
best fit amplitude around 2 cpd/tonne/keV.) For the same parameters as per Figs.1-3
[i.e. Av = 1, and ǫ
√
ne′/v0c given by Eq.(9)], we find that this model predicts an
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Figure 3: The annual modulation amplitude predicted for the DAMA experiment, with
Av = 1 (maximal). The data is from [5]. The ǫ
√
ne′/v0c parameter adopted [Eq.(11)] is the
same as per Figures 1,2.
annual modulation amplitude for the XENON100 experimental setup (S1 signal) of
1.8 cpd/tonne/keV in the (2-6) keV region. This is close to the best fit value identified
in the XENON100 annual modulation analysis.
To summarize, both the average rate of XENON100 electron recoils and their ob-
served time dependence, seem to be compatible (allowing for reasonable uncertainties)
with this dark electron scattering interpretation of the DAMA annual modulation sig-
nal. The basic reason for the relatively low average rate and modulation amplitude
of electron recoils in the XENON100 experiment can be qualitatively understood as
follows: Given the sharply rising scattering rate at low energy, dRe/dER ∝ 1/E2R,
much of the DAMA annual modulation signal is due to recoils with actual energy be-
low their threshold, detectable only because of the poor energy resolution. (Naturally,
this energy resolution might well need to deviate from Gaussian behaviour in the tail
to reproduce the observed modulation above 2 keV). By contrast, in the XENON100
experimental setup, recoils with actual energy below around 2 keV might not be ob-
servable due to the sharply falling XENON100 S1 signal efficiency near 2 keV. The
analysis of the XENON100 collaboration, as given in [31, 32], does not take into ac-
count this effect when they directly compare their data with that from the DAMA
experiment in the 2-6 keV energy range.
5 Conclusion and Discussion
Within the mirror dark matter model, and some related models, the dark halo of
the Milky Way is expected to take the form of a dark plasma. In the mirror dark
matter case, this plasma consists of light mirror electrons of mass me ≃ 0.511 MeV
and heavier mirror ions, including mirror protons, mirror helium nuclei, and possibly
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heavier mirror metal components. Provided that the kinetic mixing interaction exists,
the mirror electrons and mirror ions in the plasma can potentially produce keV electron
recoils and nuclear recoils respectively. It has been argued previously [14, 15] that
mirror electron scattering off electrons might be responsible for the DAMA annual
modulation signal, especially as such an electron scattering interpretation is relatively
weakly constrained by other experiments. In light of the new results from DAMA [5],
we have reconsidered this interpretation.
It is difficult to estimate the rate of electron recoils in a direct detection experiment
due to the inherent complexities involved in modelling the halo plasma interactions
with Earth-bound dark matter. Here, we have considered a simple phenomenological
model for the dark matter velocity function relevant for direct detection experiments.
This model predicts an approximate dRe/dER ∝ 1/E2R behaviour for both the average
scattering rate and the annual modulation. Such a recoil spectrum is roughly compat-
ible with the annual modulation as measured in the DAMA experiment. The average
rate is consistent with the results from other experiments, with the DarkSide experi-
ment providing the most useful information. That experiment sees an excess of events
at low energies which can be interpreted as dark matter induced electron recoils, and
in combination with DAMA, indicates that the annual modulation amplitude is near
maximal. This conclusion is supported by XENON100 results as analysed here.
Although the model is phenomenological to some extent, this explanation of the
DAMA signal can be tested in the near future. For example, if XENON1T shows an
electron scattering rate below 0.001 cpd/kg/keV at around 2 keV, then this explanation
will be disfavoured. If they see a rising event rate, a dRe/dER ∝ 1/E2R behaviour is
anticipated, as described above. An analysis of the DarkSide low energy excess between
4 ≤ NE ≤ 8 should reveal a significant annual modulation with the same phase as the
DAMA signal. A more critical test of the model resides in the predicted sidereal daily
modulation. Previous published results of DAMA [34] already contained a 2.3 σ hint
of such a variation with the correct phase [14,15]. It is likely that experiments at lower
latitudes, including XMASS and PANDA, could have a larger diurnal variation, and we
encourage these experiments to give results for this search channel. For an experiment
located in the southern hemisphere, including the proposed SABRE experiment [38],
the diurnal modulation can be maximal and provide an even more rigorous test of the
ideas discussed here.
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